Abstract -Soft-tissue sarcomas (STS) are a rare group of malignant tumors which can affect any age group. For the majority of patients who present with a localized STS, treatment involves a multidisciplinary team decision-making approach ultimately relying on surgical resection with or without adjuvant radiation for successful limb salvage. The goals of treatment are to provide the patient with a functional extremity without local tumor relapse. The purpose of this article is to review the treatment of extremity STS, with a focus on staging, treatment options, and outcomes.
Introduction
Soft-tissue sarcomas (STS) are a diverse group of rare malignant tumors which arise from mesenchymal tissue. Approximately 11,000 new cases of STS are diagnosed each year in the United States, accounting for <1% of all cancers [1] . STS can occur over all age ranges, however the median age at diagnosis is 56-65 years, peaking in the 8th decade [2] . STS can arise anywhere in the body; however, the extremities account for 60% of cases, with the thigh being the most common site of disease [2] . STS are classified based on the mature tissue they resemble, with nearly 100 histologic subtypes in the World Health Organization (WHO) classification [3] . These subtypes vary based on molecular characteristics, clinical behavior, and response to treatment. Low-grade tumors may be locally invasive but rarely metastasize. Higher grade tumors exhibit more aggressive behavior with a more substantial risk of mortality due to the development of metastatic disease (predominantly to the lungs) [4] .
Etiology, clinical presentation, and diagnosis
The etiology of most STS remains unknown; however, there are certain environmental factors and genetic predispositions which have been associated with the development of some types of STS, including neurofibromatosis and Li-Fraumeni syndrome. The initial signs and symptoms of a STS may vary depending on the tumor site, subtype, and grade. Most commonly patients present with an enlarging painless mass, however tumor growth can cause pain via a mass effect on nearby neurovascular structures.
Certain tumors have a tendency to appear at a certain age (e.g. liposarcoma in adults and rhabdomyosarcoma in children). Likewise, certain STS are more common in specific anatomic locations: liposarcoma is more common in the lower extremity, whereas synovial sarcoma, epithelioid sarcoma, and fibrosarcoma are encountered more often in the upper extremity [4] . Rapid growth raises concern for a malignant diagnosis, while fluctuations in size can be seen in benign lesions such as ganglion cysts and vascular malformations. A small, soft, superficial, mobile mass is most likely to be benign [5] . Asking the patient to contract the muscle adjacent to the mass and assessing its subsequent mobility can help in defining the relationship of the mass to the underlying fascia. Rarely (<5%) STS metastasize to lymph nodes, but some histologic subtypes (synovial sarcoma, rhabdomyosarcoma, epithelioid sarcoma, clear cell sarcoma, and angiosarcoma) have a higher propensity for lymphatic spread and in those cases regional lymph nodes should be assessed [6, 7] .
Diagnosis of a soft-tissue sarcoma
There are three factors which need to be evaluated as part of the investigation of a patient with a STS: (1) local extension, (2) histological diagnosis, and (3) staging of metastases. Each of these pieces of information plays an important role in developing a patient-specific treatment plan [8, 9] .
Assessment of local extension
STS generally spread along tissue planes, compressing the surrounding tissues and typically do not violate anatomic barriers such as fascia or bone. It is unusual for a STS to invade bone, but when it occurs, bone invasion is associated with a significant reduction in overall survival [10] . Likewise the microscopic extent of tumor cells in the edema surrounding a STS, as seen on magnetic resonance imaging (MRI), could represent a cause of local recurrence if left untreated [11] .
Imaging evaluation is best performed by MRI of the extremity. Plain radiographs are rarely required but can help identify bone remodeling, bone invasion, and soft-tissue calcification or ossification [12] . MRI is considered the ''gold standard'' for defining the local extent of the tumor and surrounding edema (Figure 1 ) [11] . MRI technology can reconstruct a three-dimensional model from cross-sectional images and provides pertinent anatomic information related to the tumor and its proximity to critical neurovascular structures and bone. This information is important for planning surgical excision, as the strongest predictor of local recurrence is a positive surgical margin [13, 14] . The addition of gadolinium contrast to the MRI can help differentiate between cystic areas representing hemorrhage or necrosis based on peripheral
(D) (C) Figure 1 . Selected T1 (A) and fat-saturated T2 (B) axial as well as fat-saturated coronal T2 (C) MRI images of a 60-year-old patient with a large, deep mass located in the anterior thigh. On the pretreatment imaging the mass was intimately associated with the femoral neurovascular bundle (arrow) as well as the periosteum of the femur (star). A biopsy was performed and showed high-grade pleomorphic rhabdomyosarcoma. The mass measured approximately 27 cm cranial/caudal however was associated with peritumoral edema which spanned nearly the entire length of the femur on coronal fat-saturated T2 (D) MRI images. rim enhancement, and solid viable areas of tumor based on enhancement throughout the lesion. An MRI demonstrating a heterogeneous mass with predominantly low signal intensity on T1-weighted images, high signal intensity on T2-weighted images, and post-gadolinium contrast enhancement is very characteristic of a STS (Figure 1 ) [15] . Likewise magnetic resonance angiography is also a very useful modality in assessing the relationship of STS to adjacent neuromuscular bundle.
Histological diagnosis
Pathological assessment is necessary to define the histologic subtype and grade and should be obtained prior to definitive treatment if there is concern for a STS. Different subtypes can vary in their clinical behavior and response to treatment and histologic grade has been identified as one of the strongest predictors of metastatic risk and disease-free survival [14, [16] [17] [18] [19] .
In the case of a suspected STS, biopsy should be performed prior to excision in order to avoid inadequate surgery. Two types of biopsies are commonly used today: needle (fineneedle aspiration (FNA), core needle biopsy (CNB)) and open biopsy (incisional, excisional). Needle biopsies are less time consuming, relatively inexpensive, cause minimal morbidity, limited soft-tissue contamination, and can be performed in an outpatient clinic setting [20] [21] [22] [23] . FNA may be able to establish the presence of malignancy, but CNB is usually required as it provides the pathologist with an adequate tissue sample, and it has been suggested that 4-6 cores of tumor tissue are necessary for an accurate diagnosis [20] [21] [22] [23] [24] .
Incisional biopsy provides a larger amount of tissue for histologic assessment and grading and thereby provides a better estimate of prognosis [24] . An operative biopsy should be carefully planned using a longitudinal/extensile incision that can be excised as part of a definitive surgical incision should the final diagnosis confirm a STS. Careful hemostasis is critical to minimize the risk of soft-tissue contamination by hematoma. Excisional biopsy of an extremity mass without a definitive diagnosis is usually reserved for small, superficial, and mobile masses which are most likely to be benign, or situations in which the diagnosis is in doubt but excision can be easily performed with a true wide margin.
Staging
The diagnostic workup is completed by staging investigations for regional and distant metastases. The two most commonly used staging systems are the American Joint Committee on Cancer (AJCC) staging system and the Musculoskeletal Tumor Society (MSTS) staging system [25] . Both of these staging systems utilize the local extent of the tumor (size and depth for AJCC vs. compartment status for MSTS), histologic grade, and the presence or absence of metastases.
Extremity STS most commonly metastasize hematogenously with a strong predilection for the lungs and 10% of patients will have detectable pulmonary disease at the time of initial presentation [26] . The initial workup should include systemic staging by chest computed tomography (CT)-scan to evaluate the lungs. A bone scan can be used to evaluate for the rare occurrence of metastatic bone disease although it can be negative even in the presence of osseous metastases. In addition to a bone scan, a positron emission tomography (PET) scan can be helpful in staging of recurrent disease. If the biopsy confirms the diagnosis of a subtype of STS prone to metastasize to lymph nodes, imaging of the regional lymph nodes with a CT scan should be undertaken.
Treatment of extremity soft-tissue sarcomas
Every patient with a soft-tissue sarcoma in the upper or lower extremity will require an individualized treatment plan. Various patient, tumor, and anatomic characteristics need to be evaluated in a multidisciplinary setting in order to generate the optimal treatment plan.
Most localized extremity STS are best treated surgically with or without radiation therapy. Chemotherapy is usually reserved for management of patients with metastatic disease either at presentation or following resection of the primary tumor, or less commonly for attempting to facilitate local tumor down-staging for very extensive lesions which might not otherwise be amenable to limb sparing surgery. Isolated lymph node metastases are somewhat of an exception however as long-term survival is still possible following surgical resection [7] . The overall treatment goal is to achieve maximal oncologic control and render the least functional impairment. As is the case in all areas of medicine, a thoughtful ''risksbenefits'' discussion is critical and each patient should be involved in the multidisciplinary decision-making process.
The term ''oncologic control'' refers to minimizing each patient's risk of local and systemic recurrence with current treatment modalities. Historically, many soft-tissue sarcomas of the extremity were treated with amputation or radical resection alone. Although this approach provided a high degree of local tumor control, it was at the expense of residual limb function and yet still left patients at risk for developing metastatic disease. The introduction of adjuvant radiotherapy and developments in cross-sectional imaging, particularly MRI, has allowed more conservative resection margins to be considered safe, thereby extending the indications for limb salvage. In general, modern limb-salvage techniques can achieve comparable oncologic control with superior functional outcomes compared to amputation. As a result, primary amputation for management of extremity STS is rarely indicated except for situations with very extensive and locally invasive disease (Table 1 ) [27] .
Radiation therapy is recommended for all STS where surgery will provide less than a wide negative resection margin. Adjuvant radiation can be given preoperatively or postoperatively and this was the subject of a randomized clinical trial (RCT) [28] . Preoperative radiation typically prescribes a total of 50 Gy delivered in 2 Gy daily fractions over five weeks followed by surgery four to six weeks after the completion of radiation. In comparison, postoperative radiation begins approximately four to six weeks after surgery or once the wound has adequately healed, and typically involves E.M. Ramu et al.: SICOT J 2017, 3, 2030-33 daily fractions delivered over six weeks to a total of 60-66 Gy. Preoperatively the radiation field encompasses the tumor and an additional surrounding region to account for tissues that may have microscopic disease. Postoperatively a larger dose of radiation is given to a larger target volume because of the theoretical issues of tissue hypoxia, and the fact that the entire surgical wound needs to be included in the treatment field. Preoperative radiation is associated with a significantly higher wound complication rate, [28] which can be partially minimized by the timing of surgery [29, 30] . Wound complications following preoperative radiation can complicate patients' short-term outcome but are usually resolvable and have little impact on long-term function [31, 32] . In comparison, patients treated with postoperative radiation are more likely to develop significant fibrosis, lymphedema, joint stiffness, and pain which correlate with significantly worse longterm functional outcome [31, 32] . Long-term follow-up of patients in this randomized trial demonstrated the sequelae following postoperative radiation can be permanently disabling [31] . Importantly, there were no differences in local or systemic disease recurrence between patients treated with preoperative or postoperative radiation.
In the above RCT, patients who received 50 Gy preoperatively and had positive resection margins were treated with an additional 16 Gy radiation boost following surgery. Two subsequent studies showed that this postoperative radiation boost increased the total dose of radiation without offering any detectable advantage in local control so this practice has since been abandoned at our institution, as well as many others in North America, but has yet to become a widely accepted treatment policy [33, 34] . In cases with particularly radiosensitive tumors, such as myxoid liposarcoma, preoperative radiation can lead to substantial tumor shrinkage prior to surgery and is associated with excellent outcomes [35] [36] [37] . Although preoperative radiation is associated with an increased risk of early wound complications, it does not impede successful microvascular anastomosis in cases needing free flaps for soft-tissue reconstruction, but avoids direct radiation to a free tissue transfer, rotational flap, or skin graft when needed for wound coverage [38] .
Image-guided intensity-modulated radiation therapy (IMRT) is becoming the standard of care for sarcoma patients at our institution and can be provided in either the preoperative or postoperative setting (Figure 2) . The potential advantage of IMRT is its ability to ''sculpt'' the treatment volume and thereby provide less radiation to surrounding normal tissues, such as skin, bone, and neurovascular structures, without compromising target coverage [39] . In a Phase II clinical trial for patients with lower extremity STS, preoperative IMRT substantially decreased the radiation dose to planned overlying skin flaps as well as bone, decreased the wound complication rate and need for surgical intervention for wound complications, and led to a higher rate of primary wound closure and less need for soft-tissue flaps [29, 30, 39] . In addition, there were no bone fractures, a low risk of local recurrence (88% five-year local recurrence-free survival), low rates of radiation toxicities, and favorable functional outcomes.
Surgical margin has an important impact on outcome because it may be the only independent risk factor under the surgeon's control in the treatment of an extremity STS [14, 40, 41] . Other well-known risk factors such as tumor size, grade, depth, and patient age are considered non-modifiable at disease presentation [14] . The definition of a ''safe'' surgical margin continues to evolve during the limb-salvage era. There are certain context-specific differences in terms of local oncologic control based on margin status [40, 41] . For superficial STS, or small and deep STS, surgery alone can provide a high degree of local control as long as true wide negative resection margins (i.e. 1-2 cm of surrounding normal tissue or a fascial barrier) can be obtained. Gerrand et al. classified positive margins into low and high-risk groups based on the risk of local recurrence [41] . They found that microscopic positive margins that occurred following planned dissections close to major blood vessels, motor nerves, or bone, in order to spare those critical structures, were associated with low rates of local recurrence when combined with radiation therapy. In contrast, an unplanned positive soft-tissue margin or a positive margin obtained following re-excision to salvage an unplanned excision performed elsewhere with positive margins, were both associated with local recurrence rates greater than 30%. Therefore it is best to avoid positive margins in either of these scenarios, if at all possible, in order to achieve a good outcome. In the case of a previously unplanned excision, although there is no association between the detection of sarcoma at the second procedure and the initial size or grade of the tumor, use of preoperative radiation, or the time lapse between interventions, identification of tumor in the re-excision specimen pathologically does significantly increase the risk for local tumor relapse [42] . At our institution we advise wide re-excision if possible for all patients who present following an initial unplanned excision with positive margins.
Other studies have assessed the safety and efficacy of close dissection along bone or critical neurovascular structures to facilitate limb salvage combined with radiation therapy (Figure 3) . Clarkson et al. found no difference in local or systemic recurrence rates when epineural dissection was performed for buttock or thigh STS in order to preserve the sciatic nerve [43] . O'Donnell et al. showed that a positive margin following a close dissection to spare a major neurovascular structure or bone is relatively safe in terms of local recurrence, but is associated with worse cause-specific survival [44] . This study also showed that if a nerve or vessel is surrounded by tumor or a bone is invaded, complete resection of that structure en-bloc with the tumor to facilitate negative margins did not improve systemic disease control. Therefore the biology of each tumor plays a critical role in determining the ultimate oncologic outcome for the patient. These results suggest that critical structures can be preserved, in the context Figure 3 . At the time of surgical excision (A), the femoral neurovascular bundle was very close to the tumor (arrow), with multiple perforating blood vessels entering the tumor (B). Due to preoperative IMRT it was safe to create a dissection plane between the tumor and the neurovascular bundle (C). The periosteum was also raised from the femur (pointer) as a margin along the tumor in the region where it was adherent to the bone (D). Although preoperative imaging showed the tumor to be very close to bone along the entire length of the femur, it was actually adherent to bone over a shorter length, so that only a small portion of the periosteum had to be removed (star) from the femoral shaft (E). The final pathological tumor resection margins were negative.
of multidisciplinary treatment, unless they are invaded or completely encased by tumor [43] [44] [45] [46] . In cases where tumor invades into bone it may be necessary to resect a segment of bone and reconstruct the osseous defect in order to obtain an adequate surgical margin and facilitate limb salvage [10] . Otherwise a periosteal margin provides adequate local control when combined with adjuvant radiation (Figure 3) . Fractures in the radiation field can be particularly problematic because radiated bone does not reliably heal. Radiation-related fractures most commonly affect the femur and are significantly more frequent following postoperative radiation, likely due to the combination of higher radiation dose and larger treatment field [47] [48] [49] . High-risk patients can be identified using patient and treatment variables which have been combined into a nomogram (Table 2 ) [50] , as well as specific bone radiation-avoidance principles [48] . Patients who are identified as high risk for developing a pathological fracture should have close follow-up and may benefit from prophylactic internal fixation, either at the time of the procedure or in a staged fashion [50] .
Soft-tissue reconstruction
The primary goal of oncologic surgery is to achieve negative surgical margins, and this often means that large soft-tissue defects are left following resection which are not amenable to primary wound closure [51] . Soft-tissue reconstruction following resection of a STS follows the theory of orthoplastic reconstruction based on the ''reconstructive ladder'' as described by Levin [52] . According to this protocol, the reconstructive surgeon uses the simplest procedure to cover a wound (e.g. primary closure) and then proceeds to more complex procedures to achieve wound closure and maximum functional benefit.
Skin grafting
Following primary wound closure; skin grafting is the first rung of the reconstructive ladder. Split thickness skin grafting (STSG) can be used in a well-vascularized wound to cover muscle and tendons with paratenon. A historic contraindication to STSG was a radiated wound bed; however, recent studies have shown that a STSG can provide durable coverage of a radiated wound, and healing may be enhanced with a negative pressure wound dressing [53] .
Flaps
If the soft-tissue defect following STS resection precludes primary wound closure, and/or there are exposed nerves, vessels, bone, tendon without paratenon or hardware, the wound will need flap coverage as opposed to skin grafting. Flaps can be either local pedicled flaps or free flaps depending on the anatomic location and size of the defect requiring coverage (Table 3) . Rotational flaps are highly predictable but recent advances have reduced the failure rate of free flaps to 1-4% [54] . Historically it was thought the vascular anastomosis for a free flap needed to be outside the zone of radiation; however, a recent study by Townley et al. showed that preoperative radiation does not increase the rate of microvascular complications [38] .
Functional outcome
Following limb-salvage surgery or amputation, patients may be left with significant physical and emotional disability and reduced overall quality of life (QOL). In order to evaluate the impact of these procedures on patients, various functional assessments have been utilized. The most commonly used outcome measures are the Toronto Extremity Salvage Score (TESS) and the Musculoskeletal Tumor Society (MSTS) scoring system [55] [56] [57] . The TESS is a patient reported questionnaire which is validated to assess activity limitations, while the MSTS-87 is a physician rating based on function at specific anatomic locations (e.g. hip, knee) while the MSTS-93 is a physician rating based on function of the entire extremity (upper vs. lower) [55] [56] [57] .
Resection of extremity STS is frequently a very invasive procedure, which can significantly impact a patient's life; however, a majority of patients are left with moderate-to-high function following limb salvage [32, 58] (Table 4) . Predictors of worse functional outcome following resection of STS include large tumor size, high-grade tumors, deep tumors, resection of bone, and sacrifice of a major motor nerve [58, 59] . In addition, patients' inability to partake in life roles following treatment, [60] and their preoperative expectations [61] can have a significant impact on eventual QOL. Surprisingly additional factors, which may impart worse disease-specific survival and increase the risk of postoperative complications, may not impact the functional outcome. These factors include a radiation-induced sarcoma, [62] need for vascular reconstruction, [46] anatomic location, [59, 63, 64] and use of a free or pedicled flap [63, 65] .
Surveillance
The majority of local recurrences as well as lung metastases will become evident within the first two years following treatment. As a result, high-risk patients are seen in follow-up every three months for the first two years for clinical examination and a chest x-ray or CT-scan. We only perform MRI of the surgical site or lymph nodes as part of regular follow-up if there is clinical concern for local or regional recurrence, based 
Summary
Extremity STS are aggressive and rare malignant tumors with several factors such as size, depth, grade, and tumor location which influence outcome. Following a tissue diagnosis and staging, the treatment of patients with STS involves a multidisciplinary team approach and most patients are eligible for limb-salvage surgery, usually combined with radiation. Following treatment the majority of patients can expect a painless and functional extremity.
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